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Abstract
The present study aimed to compare the diagnostic performance of different European reference laboratories in diagnosing helminths
and intestinal protozoa, using an ether-concentration method applied to sodium acetate-acetic acid-formalin (SAF)-preserved faecal sam-
ples. In total, 102 stool specimens were analysed during a cross-sectional parasitological survey in urban farming communities in Coˆte
d’Ivoire. Five SAF-preserved faecal samples were prepared from each specimen and forwarded to the participating reference laborato-
ries, processed and examined under a microscope adhering to a standard operating procedure (SOP). Schistosoma mansoni (cumulative
prevalence: 51.0%) and hookworm (cumulative prevalence: 39.2%) were the predominant helminths. There was excellent agreement
(j > 0.8; p < 0.001) among the reference laboratories for the diagnosis of S. mansoni, hookworm, Trichuris trichiura and Ascaris lumbrico-
ides. Moderate agreement (j = 0.54) was found for Hymenolepis nana, and lesser agreement was observed for other, less prevalent
helminths. The predominant intestinal protozoa were Entamoeba coli (median prevalence: 67.6%), Blastocystis hominis (median prevalence:
55.9%) and Entamoeba histolytica/Entamoeba dispar (median prevalence: 47.1%). Substantial agreement among reference laboratories was
found for E. coli (j = 0.69), but only fair or moderate agreement was found for other Entamoeba species, Giardia intestinalis and Chilomas-
tix mesnili. There was only poor agreement for B. hominis, Isospora belli and Trichomonas intestinalis. In conclusion, although common
helminths were reliably diagnosed by European reference laboratories, there was only moderate agreement between centres for patho-
genic intestinal protozoa. Continued external quality assessment and the establishment of a formal network of reference laboratories is
necessary to further enhance both accuracy and uniformity in parasite diagnosis.
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Introduction
International travel, facilitated by rapid air transport, contin-
ues to grow [1]. It has been paralleled by an exponential
increase in tourism, which includes many destinations in
developing countries [2]. Returning travellers are recognized
as an importation mode for introducing parasitic diseases
into industrialized countries. Sick returning travellers must
be diagnosed promptly and accurately, in order to guide
treatment plans and minimize the risk of patient morbidity
or mortality [3]. Accurate diagnoses are also important for
epidemiological surveillance, in order to understand where
and how infectious agents are likely to be contracted and
spread.
Specialized laboratories with state-of-the-art equipment
and trained personnel are essential for accurate diagnoses.
Although many laboratories examine a range of biological
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specimens (e.g. blood, faeces and urine), only a few are
designated reference laboratories. The latter often serve as
national reference centres for other diagnostic laboratories
and are contacted for expert opinion, particularly when
diagnostic problems arise. Given the status of a reference
laboratory, diagnoses made at such centres are less likely
to be challenged than at other less specialized laboratories.
However, previous studies have brought to light diagnostic
discrepancies among laboratories. For example, microscopic
examination of thick and thin blood ﬁlms for malaria diagnosis
among ten laboratories on the Thai–Myanmar border showed
considerable interlaboratory differences [4]. A comparison
between two European laboratories and between a European
and a West African centre regarding faecal samples submitted
for helminth and intestinal protozoa diagnosis revealed poor,
slight or only fair agreement for most parasites [5].
Five European reference laboratories were invited to par-
ticipate in the diagnosis of parasitic infections and the extent
of agreement was assessed for the diagnosis of helminths
and intestinal protozoa. Faecal samples, obtained from an
African setting, were preserved in a sodium acetate-acetic
acid-formalin (SAF) solution and processed with an ether-
concentration method according to the same standard oper-
ating procedure (SOP) in each participating laboratory [6].
The results were compared and a workshop was held to
discuss the ﬁndings, and to issue recommendations on how
to enhance the reliability of helminth and intestinal protozoa
diagnosis.
Materials and Methods
Subjects and faecal samples
Faecal samples were collected in May and June 2005, during
two cross-sectional parasitological surveys carried out in
two urban farming communities: (i) a poor neighbourhood in
Abidjan (economic capital of Coˆte d’Ivoire) and (ii) the town
of Man (regional capital city in west Coˆte d’Ivoire). The data
presented stem from a larger study aiming to investigate risk
factors for helminth infections and malaria among urban
farming communities, and to develop locally-adapted strate-
gies for prevention and control [7,8].
The study was approved by the institutional research
commissions of the Swiss Tropical Institute (Basel, Switzer-
land) and the Centre Suisse de Recherches Scientiﬁques
(Abidjan, Coˆte d’Ivoire). Ethical clearance was granted by the
Ministry of Health in Coˆte d’Ivoire. Details of the study area,
population surveyed and ﬁeld procedures are provided else-
where [7,8]. In brief, households were visited, the purpose
of the study explained and participants were invited to pro-
vide a lemon-sized portion (50 g) of their next morning
stool. Filled stool containers were collected in the early
morning, labelled with unique identiﬁers and transferred to
nearby laboratories.
Laboratory procedures
Within 4–8 h after the stool specimens were produced, a sin-
gle Kato-Katz thick smear was prepared from each sample and
examined for helminths [9]. Participants infected with Schisto-
soma mansoni were given a single oral dose of praziquantel
(40 mg/kg), and those infected with other helminths were
administered a single oral dose of albendazole (400mg) [10].
From a sub-sample of 103 stool specimens, selected
according to a random number list, ﬁve hazelnut-sized por-
tions (1–2 g) of stool were put in separate tubes ﬁlled with
10 mL of SAF. Each sample was homogenized with a wooden
spatula and vigorously shaken. Sets of the same clinical speci-
mens were forwarded to the ﬁve participating European ref-
erence laboratories. An SOP, as used at the Swiss Tropical
Institute, was included and the reference laboratories were
instructed to adhere to a ﬁve-step procedure. First, re-sus-
pension of SAF-ﬁxed stool samples and straining through a
gauze into a centrifuge tube. Second, centrifuging the tube
for 1 min at 500 g. Third, decanting the supernatant; if the
ﬁnal sediment contained more than 1 mL, the ﬁrst two steps
were repeated or the sediment was re-suspended in 0.85%
NaCl and part of the suspension was removed. Fourth, add-
ing 7 mL of 0.85% NaCl plus 2–3 mL diethyl ether to the
remaining sediment. Closing the tube with a rubber stopper,
shaking for 30 s and centrifuging for 5 min at 500 g. Finally,
from the four layers formed, the three top layers were
discarded and the resulting sediment was examined micro-
scopically for helminths and intestinal protozoa. It was
emphasized that the entire sediment should be examined:
The number of helminth eggs was counted and recorded for
each species separately. If more than 100 eggs were found
for a speciﬁc helminth, the microscopist terminated the
reading and recorded ‘100+ eggs’. For intestinal protozoa,
the following semi-quantitative scheme was adopted: (i) nega-
tive (no cysts or trophozoites in the entire sediment);
(ii) rare (one to ﬁve cysts or trophozoites per slide);
(iii) frequent (one cyst or trophozoite per observation ﬁeld
of ·400 or 500); and (iv) very frequent (more than one cyst
or trophozoite per observation ﬁeld of ·400 or 500).
European reference laboratories
Five European reference laboratories participated in the
study, namely Bernhard Nocht Institute for Tropical Medi-
cine (Hamburg, Germany), Hospital for Tropical Diseases
(London, UK), Institute for Infectious and Tropical Diseases
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(Brescia, Italy), Swedish Institute for Infectious Disease Con-
trol (Solna, Sweden), and the Swiss Tropical Institute (Basel,
Switzerland). Four months after collection of stool specimens
in Coˆte d’Ivoire, the ﬁve sets of the same SAF-preserved stool
samples were forwarded to the participating centres. The
heads of the laboratories were contacted and the accompany-
ing SOP discussed further to ascertain consistency in the
methodology from sample preparation to data recording.
Statistical analysis
Data were double-entered and checked for consistency
using EpiData, version 3.1 (EpiData Association, Odense,
Denmark). For statistical analysis, we employed STATA
software, version 9 (StataCorp, College Station, TX, USA).
The analysis used results from those individuals who had
complete data records (i.e. results from all ﬁve reference
laboratories). The agreement between the ﬁve centres for
species-speciﬁc diagnosis of helminth and intestinal proto-
zoa was assessed using the kappa (j) statistic [11], with
the cut-offs: j < 0, no agreement; j = 0.01–0.2, poor
agreement; j = 0.21–0.4, fair agreement; j = 0.41–0.6,
moderate agreement; j = 0.61–0.8, substantial agreement;
and j = 0.81–1.0, almost perfect agreement [12]. The mag-
nitude of j depends on the prevalence of a speciﬁc para-
site, and hence the obtained value of j should be
reported alongside the prevalence [13].
For each parasite, the extent of total agreement was
determined among the centres (i.e. whether none or all of
the centres diagnosed the parasite). Where disagreement
occurred, there was further investigation into how often
only one centre disagreed (i.e. one centre found a speciﬁc
parasite, whereas the remaining four centres failed to diag-
nose the parasite), and how often a speciﬁc parasite was
diagnosed by four of the ﬁve centres. The actual helminth
egg counts recorded by the centres were also considered. If,
for example, only one or two hookworm eggs were
recorded by one centre, whereas the other centres
recorded no hookworm eggs, such a result was considered
to be less problematic than four centres recording high
hookworm egg counts, whereas the remaining centre failed
to diagnose any hookworm eggs.
Results
Study cohort
Of the ﬁve sets of 103 SAF-preserved stool samples for-
warded to the participating European reference laboratories,
complete data were available for 102 subjects (99.0%); 71
(69.6%) individuals were sampled during the cross-sectional
survey in Man, and 31 individuals (30.4%) were sampled in
Abidjan. There were more males than females (65 vs. 37).
The mean age of the participants was 23.3 years (standard
deviation: 15.6 years, range: 2–61 years).
Prevalence and interlaboratory agreement
Table 1 shows the individual, median and cumulative results
from the ﬁve participating European reference laboratories
TABLE 1. Number (%) of faecal samples found positive for different helminths and intestinal protozoa in ﬁve European
reference laboratories (centres 1–5)a, including cumulative results and kappa statistics (n = 102)
Parasite Cumulative Median Centre 1 Centre 2 Centre 3 Centre 4 Centre 5 Kappa p
Helminths
Schistosoma mansoni 52 (51.0) 42 (41.2) 41 (40.2) 40 (39.2) 44 (43.1) 45 (44.1) 42 (41.2) 0.83 <0.001
Hookworm 40 (39.2) 32 (31.4) 32 (31.4) 30 (29.4) 33 (32.4) 33 (32.4) 31 (30.4) 0.87 <0.001
Trichuris trichiura 17 (16.7) 15 (14.7) 11 (10.8) 14 (13.7) 15 (14.7) 15 (14.7) 16 (15.7) 0.89 <0.001
Strongyloides stercoralis 7 (6.9) 2 (2.0) 2 (2.0) 0 3 (2.9) 4 (3.9) 0 0.10 0.001
Ascaris lumbricoides 5 (4.9) 3 (2.9) 2 (2.0) 3 (2.9) 3 (2.9) 4 (3.9) 4 (3.9) 0.81 <0.001
Hymenolepis nana 5 (4.9) 2 (2.0) 1 (1.0) 1 (1.0) 3 (2.9) 3 (2.9) 2 (2.0) 0.54 <0.001
Enterobius vermicularis 3 (2.9) 1 (1.0) 1 (1.0) 0 2 (2.0) 2 (2.0) 0 0.19 <0.001
Dicrocoelium dendriticum 2 (2.0) 0 0 0 1 (1.0) 0 1 (1.0) 0.00 0.55
Fasciola hepatica 1 (1.0) 0 1 (1.0) 1 (1.0) 0 0 0 0.00 0.55
Capillaria spp. 1 (1.0) 0 0 1 (1.0) 1 (1.0) 0 0 0.25 <0.001
Clonorchis sinensis 1 (1.0) 0 0 0 0 0 1 (1.0) 0.00 0.53
Intestinal protozoa
Blastocystis hominis 96 (94.1) 57 (55.9) 34 (33.3) 58 (56.9) 57 (55.9) 90 (88.2) 25 (24.5) 0.12 <0.001
Entamoeba coli 84 (82.4) 69 (67.6) 68 (66.7) 68 (66.7) 69 (67.6) 76 (74.5) 71 (69.6) 0.69 <0.001
Entamoeba hartmanni 72 (70.6) 33 (32.4) 17 (16.7) 38 (37.3) 23 (22.5) 59 (57.8) 33 (32.4) 0.27 <0.001
Entamoeba histolytica/E. dispar 70 (68.6) 48 (47.1) 53 (52.0) 49 (48.0) 48 (47.1) 46 (45.1) 15 (14.7) 0.46 <0.001
Endolimax nana 56 (54.9) 22 (21.6) 22 (21.6) 26 (25.5) 15 (14.7) 49 (48.0) 16 (15.7) 0.33 <0.001
Iodamoeba bu¨tschlii 50 (49.0) 20 (19.6) 27 (26.5) 20 (19.6) 17 (16.7) 23 (22.5) 20 (19.6) 0.38 <0.001
Giardia intestinalis 22 (21.6) 10 (9.8) 5 (4.9) 10 (9.8) 12 (11.8) 20 (19.6) 3 (2.9) 0.45 <0.001
Chilomastix mesnili 18 (17.6) 11 (10.8) 2 (2.0) 11 (10.8) 11 (10.8) 11 (10.8) 7 (6.9) 0.51 <0.001
Sarcocystis hominis 1 (1.0) 0 0 1 (1.0) 0 1 (1.0) 0 0.25 <0.001
Isospora belli 1 (1.0) 0 0 0 0 1 (1.0) 0 0.00 0.53
Trichomonas intestinalis 2 (2.0) 0 0 0 0 2 (2.0) 0 0.00 0.55
aNote: centres 1–5 does not correspond to the listing in the Materials and Methods section.
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for the diagnosis of helminths and intestinal protozoa, includ-
ing interlaboratory agreement and j statistics. The predomi-
nant helminth was S. mansoni, for which a cumulative
prevalence of 51.0% (n = 52) was found. Although centre 2
diagnosed 40 cases of S. mansoni (39.2%), centre 4 recorded
S. mansoni eggs in 45 stool samples (44.1%). Hookworm was
the second most prevalent helminth; the cumulative preva-
lence was 39.2% (n = 40). Individual centres diagnosed a
hookworm infection at least 30 times (29.4%) and, at maxi-
mum, in 33 cases (32.4%). Eggs of Trichuris trichiura were
found in a minimum of 11 (10.8%) and a maximum of 16
stool samples (15.7%) with a cumulative prevalence of 16.7%
(n = 17). A low cumulative prevalence was found for Ascaris
lumbricoides (4.9%, n = 5). There was almost perfect agree-
ment among reference laboratories in the diagnosis of these
four helminths (all j > 0.8, p < 0.001).
Although there was moderate agreement (j = 0.54) for
Hymenolepis nana (cumulative prevalence: 4.9%, range among
centres: 1.0–2.9%), less agreement was observed for all of
the other helminth species discovered. For example,
although centres 2 and 5 failed to diagnose larvae of Strongy-
loides stercoralis altogether, centres 1, 3 and 4 reported them
(in three stool samples in the case of centre 3); the cumula-
tive prevalence was 6.9%. There was one case of Capillaria
spp. diagnosed both by centres 2 and 3 and documented by
photography, whereas the remaining centres reported no
Capillaria spp.
Regarding intestinal protozoa, the predominant species
were Entamoeba coli (median prevalence: 67.6%), Blastocystis
hominis (median prevalence: 55.9%), Entamoeba histolytica/Ent-
amoeba dispar (median prevalence: 47.1%) and Entamoeba
hartmanni (median prevalence: 32.4%). The number of stool
samples diagnosed positive for E. coli was fairly comparable
among centres (range: 68–76). However, large discrepancies
were found for B. hominis (centre 5: 25 cases, centre 4: 90
cases), E. hartmanni (centre 1: 17 cases, centre 4: 59 cases)
and E. histolytica/E. dispar (centre 5: 15 cases, centre 1: 53
cases). On average, the pathogenic intestinal protozoan
Giardia intestinalis was found in ten out of 102 participants
(9.8%), with considerable variation among centres (centre
5: 3 cases, centre 4: 20 cases). The highest level of agree-
ment among the ﬁve reference laboratories was found for
E. coli (j = 0.69). A moderate agreement was observed for
E. histolytica/E. dispar (j = 0.46), G. intestinalis (j = 0.45) and
Chilomastix mesnili (j = 0.51). Poor or only fair agreement
was observed for B. hominis, E. hartmanni, Endolimax nana
and Iodamoeba bu¨tschlii. Sarcocystis hominis was found by two
centres in only one sample, whereas Isospora belli and
Trichomonas intestinalis was only reported by centre 4 (all
j < 0.4).
Table 2 shows how often there was total agreement
among the ﬁve European reference laboratories, stratiﬁed
by helminths and intestinal protozoa (either all or none of
the centres diagnosed a particular parasite) or disagree-
ment by one or more centres. Complete agreement in
the diagnosis of the two predominant helminths (i.e.
S. mansoni and hookworm) was achieved in 81.4% and
87.3%, respectively. In 11 out of 14 individuals where a
single centre disagreed in the diagnosis of S. mansoni, con-
sistent low egg counts were reported by the other cen-
tres (median S. mansoni egg count: 2; range: 1–14). There
were three cases where one centre failed to report S. man-
soni, whereas the other four centres found, on average,
nine eggs (range: 3–31). Regarding hookworm diagnosis, in
ten out of the 11 cases where a single centre disagreed,
there were low hookworm egg counts reported by the
other centres (median: 3; range: 1–13). For one subject,
one centre reported no hookworms, whereas high egg
counts were recorded by the remaining centres (i.e. 20–
25). The majority of the S. stercoralis cases were diagnosed
by one centre only (four of the seven cases).
Regarding intestinal protozoa, among those found with a
median prevalence above 30%, a complete agreement of
TABLE 2. Different levels of agreement among ﬁve
European reference laboratories in the diagnosis of
helminths and intestinal protozoa
Parasite
Agreement
in all ﬁve
centres (%)
Agreement
in four of
the ﬁve
centres (%)
Agreement
in two or
three of the
centres (%)
Helminths
Schistosoma mansoni 83 (81.4) 14 (13.7) 5 (4.9)
Hookworm 89 (87.3) 11 (10.8) 1 (1.0)
Trichuris trichiura 96 (94.1) 5 (4.9) 1 (1.0)
Strongyloides stercoralis 95 (93.1) 5 (4.9) 2 (2.0)
Ascaris lumbricoides 99 (97.1) 3 (2.9) 0
Hymenolepis nanaa 98 (96.1) 3 (2.9) 1 (1.0)
Enterobius vermicularisa 99 (97.1) 1 (1.0) 2 (2.0)
Dicrocoelium dendriticuma 100 (98.0) 2 (2.0) 0
Fasciola hepaticaa 100 (98.0) 2 (2.0) 0
Capillaria spp.a 101 (99.0) 0 1 (1.0)
Clonorchis sinensisa,b 101 (99.0) 1 (1.0) 0
Intestinal protozoa
Blastocystis hominis 12 (11.8) 46 (45.1) 44 (43.1)
Entamoeba coli 73 (71.6) 19 (18.6) 10 (9.8)
Entamoeba hartmanni 34 (33.3) 38 (37.3) 30 (29.4)
Entamoeba histolytica/E. dispar 45 (44.1) 38 (37.3) 19 (18.6)
Endolimax nana 49 (48.0) 30 (29.4) 23 (22.5)
Iodamoeba bu¨tschlii 56 (54.9) 33 (32.4) 13 (12.7)
Giardia intestinalis 81 (79.4) 13 (12.7) 8 (7.8)
Chilomastix mesnili 86 (84.3) 10 (9.8) 4 (3.9)
Sarcocystis hominisa 101 (99.0) 0 1 (1.0)
Isospora bellia 101 (99.0) 1 (1.0) 0
Trichomonas intestinalisa 100 (98.0) 2 (2.0) 0
aVery low point-prevalence was observed for these parasites; hence, care is
needed in the interpretation of these data.
bClonorchis sinensis is not usually found in African settings; hence, the one centre
reporting a one case of this liver ﬂuke probably comprised a false-positive
result.
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71.6% was found for E. coli, whereas low percentages
resulted for the other intestinal protozoa; the worst for B.
hominis (11.8%).
Discussion
Comparison between ﬁve European reference laboratories
for the diagnosis of parasitic infections when adhering to the
same SOP of an ether-concentration method of SAF-pre-
served stool samples revealed excellent agreement for
S. mansoni and the three most common soil-transmitted
helminths (i.e. A. lumbricoides, hookworm and T. trichiura)
[14] (all j > 0.8). On the other hand, there was far less
agreement for Capillaria spp., Dicrocoelium dendriticum and
Fasciola hepatica (j <0.4). It should be noted, however, that
the prevalence of these helminths was very low; indeed,
these parasites were diagnosed only in one or two patients
(prevalence < 2%). With the exception of Capillaria spp.,
where two centres found six and nine eggs in SAF-preserved
stool samples from the same individual, the other reports
showed that in each case only a single egg of the respective
parasite species was found. At low prevalence, only low j
values can be obtained and, hence, the scale of agreement is
not independent of infection prevalence, which is the main
disadvantage of the j index [15,16]. Furthermore, it should
be noted that the SAF concentration method is not ideal for
sensitive diagnosis of either S. stercoralis or Enterobious vermic-
ularis. For S. stercoralis, either the Baermann technique [17]
or a culture method such as the Koga-agar plate [18], or
both techniques combined [19] should be used in addition to
the formalin ether-concentration method. With regard to
E. vermicularis, the adhesive tape method is recommended
[20]. For E. histolytica/E. dispar and G. intestinalis, there was
moderate agreement between the participating centres; the
respective j values were 0.46 and 0.45. With the exception
of E. coli, where substantial agreement was found (j = 0.69),
all other intestinal protozoa were diagnosed with poor, slight
or only fair agreement (j <0.2). The very low prevalence of
S. hominis, I. belli and T. intestinalis partially explains this issue
[13,15,16].
Strengths and limitations
Five sets of the same SAF-preserved stool samples were
processed and microscopically examined by different Euro-
pean reference laboratories adhering to the same SOP.
Efforts were made to clarify the various steps in the SOP
and emphasis was placed on examining the entire stool
sediment. All helminth eggs were counted and recorded
separately; whereas a semi-quantitative scoring system was
adopted for intestinal protozoa. The participating centres
were blinded, but, once the results were available from all
centres, they were analysed by a statistician and subsequently
discussed during a joint workshop.
The present study has a number of limitations. First, not all
of the participating centres were equally familiar with the SOP
and some of the centres use different methods and procedures
in their routine helminth and intestinal protozoa diagnostic
work. In Sweden, for example, because ether is no longer
allowed in laboratories, diethyl acetate, which has very similar
chemical properties but is less inﬂammable, was used instead.
Second, the ﬁve sets of ‘identical’ stool samples were prepared
on the spot in Coˆte d’Ivoire by putting hazelnut-sized portions
(1–2 g) of stool from a single specimen into different tubes
containing 10 mL of SAF. It is conceivable that the amount of
stool varied from one tube to another, as observed in a recent
study comparing the Kato-Katz method with an ether-concen-
tration and the FLOTAC method for hookworm diagnosis
[21]. Because parasite elements were not necessarily evenly
distributed between the tubes that were sent to the participat-
ing laboratories, this might explain the observed differences,
particularly in low level infections, for which it is difﬁcult to
exclude variation as a result of chance as opposed to individual
laboratory performance. It would have been preferable to
homogenize the faecal sample prior to aliquoting, as carried
out during the preparation of test samples in some external
quality assessment (EQA) services, such as the UK national
EQA service (UKNEQAS) [22], or the German Society for
Promotion of Quality Assurance in the Medical Laboratories
e.V. (Instand e.V.; http://www.instandev.de), but this was not a
feasible proposition in the ﬁeld and, even with homogenized
samples, cysts or ova present in very low numbers cannot be
guaranteed to be present in every aliquot. Third, the stool
samples were analysed several months after SAF ﬁxation,
which might have raised problems, particularly in identifying
the internal structure of small protozoan cysts (e.g. E. nana
and E. hartmanni), although samples preserved in SAF for
teaching purposes can remain intact for many years and each
laboratory received samples that were preserved in SAF for
the same time. Finally, the absence of a diagnostic ‘gold’ stan-
dard made it impossible to rate a discrepancy in the result
from any of the centres as either true or false. Conﬁrmation
of a positive ﬁnding in the same sample by another centre
made it likely that the individual from whom the sample came
was indeed infected with that parasite, but, if only a single cen-
tre reported an infection in a speciﬁc sample, there was no
way to achieve conﬁrmation because taking photographs of all
ﬁndings in all individuals would have been impractical. Of note,
the single case of Capillaria spp. was diagnosed by two centres,
with one taking a picture of the egg, which was later conﬁrmed
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to be Capillaria. Such rare cases could be utilized for subse-
quent training purposes and quality assurance. The so-called
web-microscope might play a role in this respect [23] (http://
www.webmicroscope.net/).
Implications for practice and a way forward
Despite these potential shortcomings, there are a number of
lessons that can be learned from this study. First, the available
evidence suggests almost perfect agreement between Euro-
pean reference laboratories in the diagnosis of common
helminths. This ﬁnding is encouraging, particularly in view of
previous observations of a much lower agreement between
two European laboratories for the diagnosis of helminths
based on stool samples also obtained from Coˆte d’Ivoire with
similar helminth prevalence [5]. Second the well known
shortcomings of an ether-concentration method for the diag-
nosis of E. vermicularis (for which an adhesive tape test or
perianal swab are preferred) and S. stercoralis (for which cul-
ture is superior), plus the low number of samples containing
these parasites, may explain the interlaboratory differences
observed for these two helminths. It should be noted that no
method exists that is equally suitable for all parasites and a
standard method has to be chosen if no speciﬁc parasite
infection is suspected for which a particular method can be
employed. Third, considerable discrepancies were found in
the diagnosis of intestinal protozoa, which warrant targeted
and continued training of laboratory technicians. In the pres-
ent study, particular difﬁculty was encountered with B. homin-
is (j = 0.12) and to a lesser extent with E. nana, I. bu¨tschlii
and C. mesnili. For B. hominis, there were only 12 stool sam-
ples where none of the centres or all ﬁve centres found this
protozoan, whereas, in the remaining 90 samples, one or
several centres reported the parasite. Identiﬁcation by light
microscopy of small protozoan cysts measuring less than
10 lm is a well recognized issue inﬂuencing performance in
established EQA services. For example, when cysts of E. nana
or C. mesnili were distributed either alone or with another
parasite by the UKNEQAS, 25–37% of participants failed to
report them [22]. It should be noted, however that moderate
agreement was still found between the participating laborato-
ries in the diagnosis of two clinically important intestinal pro-
tozoa, E. histolytica/E. dispar and G. intestinalis. From a
clinician’s point of view, reliable diagnosis of helminths and
pathogenic protozoa is clearly more important than correct
identiﬁcation of non-pathogenic species.
Strategies on how to improve further the inter-rater reli-
ability of reference laboratories were critically discussed dur-
ing a workshop consisting of all of the participating centres.
Results from reference laboratories are seldom challenged
for their interlaboratory agreement. The present study
emphasizes the point that sustained quality improvement,
internal quality control and external quality assessment are
as essential for reference laboratories as they are for non-
specialist facilities. With the exception of the Italian centre,
all laboratories included in the present study participate and
perform well in established EQA schemes (and the Italian
laboratory is the reference centre of the Region Lombardy
for imported diseases) and, furthermore, all operate a policy
of continuous quality improvement. We recommend the
development of a stronger international network of refer-
ence laboratories to help ensure even greater accuracy and
uniformity in parasite diagnosis. Finally, there is a need for
rigorous validation of alternative diagnostic approaches, such
as PCR or antigen-detection ELISAs for the diagnosis of
intestinal protozoa where light microscopy is found to
perform inadequately [24,25].
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